Identifying Plant Species Using Architectural
This work proposes an analytical method to identify plant species 23 based on microscopy images of the midrib cross-section of leaves. Un- 
52
Among the computational methods proposed, those using information from 53 the leaves have become very popular, mostly because leaves can be easily found 54 at any time. Image analysis has proven to be a powerful tool in the descrip-55 tion of these structures (Florindo et al., 2014) . Leaves are diverse and com-56 plex structures in terms of anatomy and morphology (Evert, 2006) 
Proposed method

99
The method proposed here consists of 4 steps: pre-processing of the cross- These steps were carried out in ImageJ 2 . Figure 1 shows the result image 111 after processing. 
where B is a unitary ball and ⊕ and stand for the morphological dilation and 125 erosion, respectively.
126
The extraction of watershed lines from the greyscale gradient sometimes 127 tends to over-segment the image (i.e. produces too many basins). The method First, for every pixel p, J and M are transformed into J * and M * by
and
where h min and h max are chosen such that ∀p, h min < J(p), h max > J(p).
135
At this point, it is important to define the procedure called dual grey-scale 136 reconstruction. This procedure is not exactly straightforward and so it is ex-137 plained next using simpler concepts. The first concept is the n th geodesic dila-
In terms of morphological operations, for n = 1:
and δ n X (Y ) is defined recursively:
Based on that, the reconstruction ρ X (Y ) is given by
In practice, only a few steps are necessary to achieve the expected reconstruc-142 tion.
143
Given two grey-scale images I and J defined over the same domain, as- 
and T k (I) is the set of pixels p such that I(p) ≥ k.
148
Finally, after the above definition, J is provided by a dual grey-level recon-149 struction:
The final step of the segmentation is to extract the watershed lines of J . 
Extraction of layers
156
The tissue structure in the cross-sections has a relatively symmetrical arrange-
where S is a 3 × 3 structuring element.
167
The background is then dilated, which gives rise to a region R of intersection 168 with the v-cells, computed using
whereC is the binary inversion of C .
170
The first layer is obtained by the binary reconstruction of C from R and 171 is labelled as 1. Once the first layer has been identified, the remaining layers 
and from that µ
where We compared our results to those from shape-based methods previously re- of interest, whereas the moment descriptors were averaged over all the v-cells.
225
To make results comparable across methods in terms of descriptor numbers, the 226 extracted feature vectors were submitted to the Karhunen-Loève transform and 227 the first n scores (up to a maximum of 100) were used in the assessment. for the "Cells" approach (87.3%). The results show that the analysis of midrib architecture is useful to de- 
245
There are still some challenges that need to be resolved to fully automate The performance of the method was tested using a database of plants from particles. In Dougherty, E., editor, Digital Image Processing Methods. Marcel-
